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Inhibitory Effects of Sasa borealis Leaves Extracts on Carbohydrate
Digestive Enzymes and Postprandial Hyperglycemia
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Dept. of Food Science and Nutrition, Pusan National University, Busan 609-735, Korea

Abstract

This study was designed to investigate whether Sasa borealis leaves extracts (SLE) may inhibit yeast a-
glucosidase and a-amylase activities and postprandial hyperglycemia in STZ-induced diabetic mice. Freeze-
dried SLE was extracted with 70% methanol and followed by a sequential fractionation with dicholoromethan,
ethylacetate, butanol, and water. Both ethylacetate and butanol fractions showed high inhibitory activities
against the a-glucosidase and a-amylase enzymes. The ICs of ethylacetate and butanol fractions against a-
glucosidase were 0.54 and 0.63 mg/mL, respectively, indicating a greater inhibition effect than acarbose (0.68
mg/mL) (p<0.05). Likewise, the two fractions exhibited a smaller ICs against a-amylase, compared with
acarbose (p<0.05). However, the yield of ethylacetate fraction of SLE was relatively small. Postprandial blood
glucose testing of normal mice and STZ-induced diabetic mice by starch soln. loading (2 g/kg B.W.) showed
that postprandial blood glucose level at 30, 60, and 120 min were markedly decreased by single oral
administration of SLE butanol fraction (200 mg/kg B.W.) in both normal (p<0.01) and diabetic mice (p<0.01).
Furthermore, the incremental area under the curve (AUC) was significantly lowered via SLE administration
(5,745 versus 12,435 mg - mim/dL) in the diabetic mice (p<0.01). The incremental AUC in normal mice
corroborated the hypoglycemic effect of SLE (p<0.01) found in the diabetic mice. These results suggest that
SLE may delay carbohydrate digestion and thus glucose absorption. In addition, SLE may have the potential
to prevent and treat diabetes via its ability on lowering postprandial hyperglycemia.
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hloromethane ethylacetate
n-buthanol, water?] —:—HE & }Hii F&3le RS
Azt o] FEE-E A FF F A =3t -80°C
of 9 wRshaA AT ASAE

ElLslE A5lEAQ MallEd &1

a-glucosidase A &1 &4 : a—glucosidase A &A= F
Sl dna 2eEE AR JA5E dokd F e as-
sayZ Watanabe 2] ¥ (22)¢)] whe} &4 stqic). & A¥
of| 4] AMe3E 2 Y $E5E-2 dimethylsulfoxide(DMSO)
ol 05 mg/mL FEZ Fo] A14-39ich PBSel 2 g/L BSA

(bovine serum albumin), 0.2 g/L NaNs& &3] 4]7] o}, 0.7

U] yeast a-glucosidase(Sigma, USA) 0.008 g-& -3 A1 A
#4898 953, pnitrophenyl-a-D-glucopyranoside &
PBSe| 5 mM 52 £33l 7]ALNLe hE F FL8

05 mLell A& 01 mLE 9 F 405 nmell4 FHEE A
shodet. wkS- A9 %;o 54 F 527t Aol WA s,
AL 05 mLE P 583 WA ¥ oh] FRES
22 sl F3gn B%p:].g_,‘\ﬂ 34 AABAE AAslelch

a-amylase A LA : a-amylase A | ZA & A 37|

$13ke] PBS 50 mLel| 0.1 g BSA9}F 0.01 g/L NaNz¢t 37
porcine pancreas a-amylase(Sigma, USA) 0.2857 g -3l
A1A B 4GNS wHE 51, p-nitrophenyl-a-D-maltopento—
glycosideE PBSe| 5 mM X2 &3fdle] 712848 1t
= Z 5449 05 mld A8 01 mLE ¥ $ 405 nmel
A FAEE A8k vbg A9 F3= A4 F 587
Ao wkxlsta, 7|44 05 mLE 92 587 Ll Ed
F oA §HES 24 FHE SRy 34 A

AL 9)sled 452332 4+ ICR miced (F) &2l
A%, gha)el| A Flste] Aldle) A14-3l9i e} ICR mice
A 238 A& (purina mice chow, &HH)& ZF3}o] Jﬂﬂ'il
o] 35~40 go] A A F, AL STZ 5o =
oz Fapko] wiAstdeh AMSA Y 2R} e 20i2°C,
50+10% 2 $-2 8+ 2 dark-light cycle2 1247} 7k o &
zA st Alo)el Al ad hbitumS 2 A-F-FA A4
=5 ssict
MESH FE

z8 )Y =%59) A X542 LLC-PK; cell(porcine re-
nal epithelial cell)2-

s

o] 4-3te] MTT assay® 54 3F3lch.
A Z7} confluence AFel7} =9 96-well plateel] well 7 10"
cells/mLZ seeding 3ted 37°C, 5% CO2 incubatoreljA] 244]
Zr oo ¥, z8ldl9) 588 FEHE Ak 447
Zot wloFgt & 7 wellell 1 mg/mL2] 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tertrazolium bromide(MTT)
solutions 7zt welle] 100 uL4 F9isle] 37°CelA 4417 &
ok Apul eFstad el Mediumel Al MTT solutions A A3}t
100 uL dimethylsulfoxide® ¥F3}o] 3083+ HH-gAIZ] ©h
4 ELISA reader(model 680, BioRad, USA) 540 nm¢i|A]
s A3

ASE Yy

STZ o] Bz oz wiAx 1247 35 A4 ICR
miceol| 7]l 0.1 M citrate buffer(pH 4.5)el| 83| X171 strepto-
zotocin(STZ, Sigma Co., 65 mg/kg of body weight)S 33]
BI}el| Fabsle] Bng ftstedoh STZ 79 15Y F
F22kef o] ICR mice 32| # o 2 RE] A sle] Tlo|drd
AR 223 Pvdo] 300 mg/dL o)A o FrHe] fEd
Aoz 7k5sle] Agel A8t
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dH gaAgzed JAAAE dygoR dxd, A
buthanol® FojT- o2 77 vipear, 58 5 1242k
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a-glucosidase A A ad}: =)o) o =2
3} 2} &v) B3R yeast a-glucosidase # 3] 84 Fig.
Lol vdeldet. 2d Y vigg 552 05 mg/mL 5%
ol 4 yeast a-glucosidase &4-2 18.61% A3lsld.en, 7}
Lol 23 2§ B2 ethylacetateZ=0] 4846% 2. 717 =

Sk31, buthanolZ 41.91%, dichloromethane® 16.10%, 43
10.32%°] o2 ‘/}E}"ﬂ‘ﬂ F3 N FEFE9] ethylacetate
%7} buthanolZ-2 40.319%9] A 8242 W) acarboseX.
ot & FAL Vet =3 1G9l A = ethylacetate
< 054 mg/mL, buthanol&2 0.63 mg/mLi EFELR

2291 acarbose?] 0.68 mg/mLRBt} =& 9] A aA-e
el 21t} (p<0.05, Table 1), A]o) T-’] AL Abol A
a-glucosidasedl] 23 BFF =2 2% T F4me] A%
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Fig. 1. Inhibitory activity of the extract and fractions from
Sasa borealis leaves on a-glucosidase.

The final concentration of the extract and fractions from Sasa
borealis leaves and acarbose were 0.5 mg/mL. Each value is ex-
pressed as mean*SD in triplicate experiments. *” “Values with
different alphabets are significantly different at p<0.05 as ana-
lyzed by Duncan’s multiple range test. ME: methanol extract, DF:
dichloromethane fraction, EF: ethylacetate fraction, BF: n-butha-
nol fraction, AF: aqueous fraction.

Table 1. ICs value® of inhibitory activity of fractions from
Sasa borealis leaves extract on a-glucosidase and a-
amylase

ICsx (mg/mL)
Sample :
a-glucosidase a-amylase
Acarbose 0.68+0.03" 0.71+0.07"
EF 054+0.07% 051+0.05%
BF 0.63£0.05° 0.6540.08%

YICs value is the concentration of sample required for 50%
inhibition. Each value is expressed as mean*SD in triplicate
experiments. " “Values with different alphabets are sig-
nificantly different at p<0.05 as analyzed by Duncan’s multi-
ple range test. EF: ethylacetate fraction, BF: n-buthanol
fraction.
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Fig. 2. Inhibitory activity of the extract and fractions from
Sasa borealis leaves on a-amylase.

The final concentration of the extract and fractions from Sasa
borealis leaves and acarbose were 0.5 mg/mL. Each value is ex—
pressed as mean=SD in triplicate experiments. " Values with
different alphabets are significantly different at p<0.05 as ana-
lyzed by Duncan’s multiple range test. ME: methanol extract, DF:
dichloromethane fraction, EF: ethylacetate fraction, BF: n-butha-
nol fraction, AF: aqueous fraction.

342 ethylacetateZo] 56.31%, buthanolZ- 43.66%, di-
chloromethaneZ 20.32%, 4~ 12.32%%] 2.2 v}eld]e],
28 Y =ZE9 ethylacetate®3} buthanolZ-2 41.14%
o] A ) &Ade Bl acarboserth =& A &A S vie
olo}. 3t ICsoll Al = ethylacetate®2 051 mg/mL, bu-
thanol&-< 0.65 mg/mLE acarbose®] 0.71 mg/mLEt} &
2 5] A %M Ve edch(Table 1), AubH 2.2 4]
Az QA AR a-amylased] I3 2FFE EeE
52 2] brush border°ﬂ X a-glucosidasedl &3 =

22 a9 F F5E A5 G AeAZ
B Az o)elg ©hstE Adtasd #ato] 2R
%2 %9 ethylacetate®} buthanol 33—‘?‘201]11 3 }7}a}A|
2 A s 3 9l acarboseRrh & A& 2L et
el A% dgidstants sHAle B3| ¥
Z1hg 5= QlA &t

o] MzZ=M
o] e NESAE G A7l
g Are] Al 2] LLC-PK; Al £E o] &3}
A3k éﬂ‘r(ﬁg 3), ethylacetateZ°] 050} 2.00 mg/mLe|
A ZH} 98399, 95.78% % “FeF ¢ 2 buthanolZ2] 7 -$-
2918 x oAl 27 99.11%, 96.21%9] A E HEEE
ehilgdch webd 2 g 552 LLC-PKy Al ZEe4
MTT assay® AE &5 24T A3, Az5Ae] et
7] = 7o ursl"h in vivo AFAHE A AF
33 g% 145 mge] 28 F2ES 1157 T39S o
EAe] Qe ALE ¥ a1 ol AF kg 7 4367
mgel] ANFete Foza] B QA 45 AF A8
ofFal A& kgw 200 mg-& FAo) e AR AAmHA

PN

T mMu T

A
)
°b°
i
fr
rz

100 . MmLIL o5 LLL T T

80

60

40 t

Cell viability (%)

20

ME DF EF BF AF

Fig. 3. Effect of the extract and fractions from Sasa borealis
leave on cytotoxicity in LLC-PKj cell.

Cytotoxicities were assessed using MTT assay. Each value is
expressed as meanSD in triplicate experiments. ME: methanol
extract, DF: dichloromethane fraction, EF: ethylacetate fraction,
BF: n-buthanol fraction, AF: aqueous fraction (concentration: [

050 mg/mL, [} 1.00 mg/mL, B 2.00 mg/mL).
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SAbsLaL 21.33%9] ¥ &S Y buthanolZF o2 4
F drstastE A uopth
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Table 2. Changes of body weight in normal and STZ-
induced diabetic mice (g)

1 Initial body Final body Gain of body
Group weight weight weight
Normal  36.02+343”  3823+350 2.21+0.88
Diabetic  36.12+2.99 34.36+2.12° -1.76+054"

YNormal: normal mice (n=14), Diabetic: STZ-induced diabetic
mice (n=14).
PMean +SD. Significantly different from normal at "p<0.05.
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Fig. 4. Incremental blood glucose after administration of
buthanol fraction from Sasa borealis leaves in streptozotocin
~-induced diabetic mice.

Control (distilled water) and SBF (Sasa borealis buthanol frac-
tion, 200 mg/kg) were co-administered orally with starch (2
g/kg). Each value is expressed as mean*SD of seven mice
(n=14). Significantly different from control at ~p<0.01.
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Fig. 5. Incremental blood glucose after administration of
buthanol fraction from Sasa borealis leaves in normal mice.
Control (distilled water) and SBF (Sasa borealis buthanol frac—
tion, 200 mg/kg) were co-administered orally with starch (2
g/kg). Each value is expressed as mean®SD of seven mice
(n=14). Significantly different from control at “p<0.01.

& 30, 60, 120%-¢)] drdo] zA 2715l Ao 2 Jehd vl

™, 23 $% 29 buthanol® FoJFL 2T ]l
FH (p<00D o F £330 e fAskedc). wet
buthanolZ o179 Al F8FE71242] area under the

curve(AUC)+= 5,745 mg * min/dLZ vhebu}, o) 23-(12,435
mg - min/dL)ell ¥]3] §-9]4 (p<0.01) 2.2 Y& Aew ur
E}‘XA}‘:}(Table 3). Wt 2 5% buthanolZ
AT lelA A F FFFoLE Aslele a3t 31%
% gl 4= glgdch
A dIME 23
AT dzTRT G $5 3
E}kkt} Fig. 5 %, 35 A fﬂ
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Table 3. Area under the curve (AUC) of postprandial glu-
cose responses of normal and streptozotocin-induced
diabetic mice

AUC (mg * min/dL)

1
Group Normal mice Diabetic mice
Control 5310+118.3 12,435+121.3
SBF 3580+131.3" 5745+1233"

YControl (distilled water), SBF (Sasa borealis buthanol fraction,
200 mg/kg) were co—administered orally with starch (2 g/kg).
Each value is expressed as mean=SD of seven mice (n=28).
Significantly different from control at “p<0.01.

(p<O0D2.E ZF2A7)E Ao viehdeh o]g} zto] z3)
4 F%FE2 buthanold Foji2 AAFAF A= bu-
thanolZ-#] 7%= 2417 el dz7drt e £F
& ZFaATHA s RAEkeE A e® e =3
buthanolZ o729 A% gZ=71=4 AUCE 3580 mg -
min/dLE vel, 255,310 mg - min/dL)el v]s] <
A(p<0.0D2Z AA vtebtri(Table 3). o] A WA o]
E Ha vutAF oA 5% £ANL FEFES —r°1§‘i°
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oA E 28 Y FEEL 200 mgkg e FuAF 2
Yol 2ol vl FIH o2 F& AL g veh}, 23
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